in comparison with other tropical countries such as Vietnam and Taiwan where it was established the fact that winter proved to be favourable for influenza. [21, 22] Hence, in Chennai with high levels (70%-82% maximum) of humidity throughout the year [Graph 3], the virus remains relatively stable, especially during the monsoon and post-monsoon months. Influenza viruses are more stable in the cold favouring robust and highly efficient transmission at 30°C that may be due to an increase in virus half-life at lower temperatures. [23, 24] In Chennai, where it is hot and humid, the graph shows marginal fall in temperature in the months of September to January and with most of the outbreaks or positivity peaks occur during these months, probably lowering of temperature along with the increase in rainfall aids transmission. The increased shedding may be due to the effect of cold conditions in the host. Alternatively, virus may be more stable within the nasal passages when the cold ambient air cools the epithelial surface. [25] Increased virion stability at lower temperatures is likely due in part to decreased activity of proteases, hence augmented transmission. Transmission would be mainly affected by decrease in temperature and low humidity. [26] As far as vaccination is concerned, initiation of vaccination before monsoon will be very effective in Tamil Nadu, hence the month of July -August can be the preferred month considering the districts bordering Western ghats which starts receiving monsoon earlier when compared to central districts and east coast of Tamil Nadu. [27] As suggested in few articles, as a National policy, the latitude 30 can be taken to consideration and vaccination can be initiated accordingly, [28] with the region below 30 receiving vaccination by May-June.
conclusIon
The pattern of seasonality influencing influenza in different geographical regions remains unresolved. A thorough understanding of the meteorological factors affecting the virus is of major concern. Further research is particularly essential in tropical and subtropical areas, where the understanding of seasonality is negligible and requires a combination of experimental and observational studies. Moreover, understanding of the environmental factors that drive influenza circulation also may be useful to predict how dynamics will be affected at regional levels by global climate change. The National health authorities can plan vaccination against Influenza before the occurrence of Influenza with respect to the pattern of occurrence in different states. The study proves the fact that influenza activity is more during monsoon and post-monsoon months with a tendency to cause outbreaks in waves within a span of 2 or 3 years. The public health authorities can also take cue from this analysis to initiate Institutional Ethical Committee (IEC) activities and other containment activities during the pre-monsoon period annually, with special educative programs conducted in schools, colleges and areas of congregation.
The role of environmental factors in the occurrence of Influenza in context to changing climatic and environmental scenario will give an insight to the perception on influenza which has profound value and of public health concern.
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Abstract
Original Article
IntroductIon
Enterovirus 71 (EV71) is a single-stranded positive-sense RNA virus with a genome size of about 7.4 kb, which has been recognised as one of the causative factors of hand, foot and mouth disease (HFMD). [1, 2] EV71 infection may cause severe diseases and can even lead to complications involving central nervous system (CNS) in children. [1, 3] As for enterovirus, two possible routes by which EV71 reaches the CNS have been suggested: the EV71 either enters the CNS from the blood across the blood-brain barrier (BBB) or is transmitted to the CNS through peripheral nerves through retrograde axonal transport. [4] However, the underlying mechanism that leads to transmigration of EV71 virus particles across BBB still remains largely unclear.
Purpose: Enterovirus 71 (EV71) is one of the main pathogens causing hand, foot and mouth disease, which could even induce severe brain damage in some patients. As the underlying mechanism of the invasion and replication process still remains largely unknown, we investigated the role of candidate proteins expressed during EV71 invasion in human brain microvascular endothelial cells (HBMECs) to delineate the pathophysiological mechanism of EV-71 infection. Materials and Methods: Ninety-one candidate EV71-associated proteins which could bind the major capsid protein (viral protein 1 [VP1]) of EV71 on the HBMEC were identified by applying an analysis of glutathione-S-transferase pull-down coupling with liquid chromatography-electrospray ionisation-tandem mass spectrometry (LC-ESI-MS/MS). Seventy-eight kDa glucose-regulated protein 78 (GRP78) binding to the VP1 protein was further validated by co-immunoprecipitation, immunofluorescence and western blot analysis. To explore the role of GRP78 in EV71 infection, GRP78 was knocked down and overexpressed in HBMEC and was verified by TCID50 assay. Results: LC-ESI-MS/MS-identified 91 proteins were subjected to gene ontology analysis, and on molecular and biological function analysis revealed GRP78 act as an important binding protein in mediating EV71 infection. In addition, immunofluorescence demonstrated the co-localisation of GRP78 and VP1 in cytoplasm of the infected HBMEC. The TCID50 assay showed that knockdown of GRP78 could attenuate the replication capacity of EV71 in HBMEC, and the overexpression could increase the virus titre in HBEMC at 24 h post-infection suggesting that GRP78 was associated with the replication capacity of EV71 in HBMEC. Conclusion: These findings provided evidence that GRP78 plays an important role during the progression of EV71 infection as a mediator in HBMEC.
Keywords: Brain damage, enterovirus 71, glucose-regulated protein 78 , human brain microvascular endothelial cells Viral protein 1 (VP1) is a structural protein exposed on the surface of EV71, which is one of the key virulence factors in the pathogenesis of EV71 during the recognition process of the virus entering into host cells. [5, 6] Our previous study showed that EV71 could infect and replicate in human brain microvascular endothelial cells (HBMEC), [7] which is the prime component of BBB. [8] In this study, glutathione-S-transferase (GST) pull-down coupling with liquid chromatography-electrospray ionisation-tandem mass spectrometry (LC-ESI-MS/MS) method identified EV71-associated proteins in HBMEC. Among these proteins, glucose-regulated protein 78 (GRP78) was further verified as a potential VP1-binding protein, which was knocked down and overexpressed in HBMEC, and the invasion ability of EV71 in HBMEC was measured. In this study, we investigated the major virulence factors expressed on the surface of the virus and associated proteins that could play a significant role in viral invasion and further replication of the viral particles inside the host cells. 
materIals and methods
Materials
Cell culture and treatment
The HBMECs were cultured and treated with EV71 particles as described previously. [9] The cells exhibited the typical characteristics of brain endothelial cells with tight junctions and apical-to-basal polarity. [10] EV71 virus was amplified using RD cells, and the viral titres were estimated as described previously. [9, 11] In all experiments, HBMECs were infected with the respective EV71 virus at a multiplicity of infection (MOI) of 5 PFU/cell.
Protein extraction and glutathione-S-transferase pull-down assay
Subcellular proteins of HBMEC were extracted following the manufacturer's instructions of ProteoExtract ® Kit (Millipore, USA). The extracted proteins in the supernatant were kept for further GST pull-down analysis. GST pull-down assay was conducted following the instructions of pierce GST Protein Interaction Pull-Down Kit. EV71 VP1 recombinant protein (Taipei, Taiwan) was used as GST-fusion probe protein.
Candidate VP1-binding proteins obtained from GST pull-down were quantified by a BCA protein quantification kit (Thermo). The VP1-binding protein was used for further study, including LC separation and MS analysis.
Liquid chromatography separation and mass spectrometry analysis
Eluted protein (100 µg) was reduced by 10 mmol/L DTT, alkylated by 20 mmol/L IAA and then digested by trypsin (Promega) at 37°C overnight. The peptides were desalted using C18 spin columns (Thermo) and were redissolved in 2% acetonitrile, 0.1% formic acid and loaded on a ChromXP C18 (3 µm, 120 Å) nanoLC trap column. The online trapping and desalting procedure were carried out at 2 µL/min for 10 min, with 0.1% formic acid in 98% acetonitrile. An elution gradient of 5%-35% acetonitrile (0.1% formic acid) in a 90 min gradient was used on an analytical column (3 µm, 100 Å, 75 µm i.d. ×15 cm, Acclaim PepMap100, C18, Dionex). MS/MS analysis was performed with a TripleTOF 5600 System (AB SCIEX, Concord, ON). Data were acquired using an ion spray. The MS was operated with TOF-MS scans. Survey scans were acquired in 250 ms, and a maximum product ion scans were collected if counts reached a threshold of 150 counts/s with a +2 to +5 charge state. A rolling collision energy setting was applied to all precursor ions for collision-induced dissociation. Proteins were identified by searching against the UniProt human protein database with MASCOT search engine.
Co-IP analysis
GRP78 binding to VP1 was further validated following the instructions of Co-IP kit (Waltham, MA, USA). PCMV-HA tag vector and PCMV-Flag tag vector were used for the expression and purification of VP1 and GRP78 proteins, respectively. For Co-IP, subcellular proteins of HBMEC were extracted as described above and mixed with the VP1-HA-tag recombinant protein. EV71 sample was purified and mixed with GRP78-Flag-tag recombinant protein. The mixture was incubated with antibody against VP1 or GRP78 overnight at 4°C and then added with Protein A/G agarose beads for additional gentle rocking for 2.5 h at 4°C. The IgG was used to serve as negative control. After centrifugation for five times at 1000 g for 5 min and washing with lysis buffer, the pellet was resuspended with 30 µl of sodium dodecyl sulphate (SDS) sample buffer. All the samples were analysed by SDS-PAGE and western blot (WB) analysis as described below. 
Immunofluorescence assay
HBMEC (1 × 10 5 ) was placed on a coverslip and allowed for virus adhesion for 24 h. The cells were washed with Phosphate Buffered Saline (PBS) for three times and fixed with 4% paraformaldehyde for 20 min, blocked with 1% bovine serum albumin for 1 h. The treated cells were incubated with the rabbit anti-human GRP78 monoclonal antibody and rabbit anti-human EV71 monoclonal antibody overnight at 4°C. After washing, cells were stained with PE-labelled and FITC-labelled donkey anti-rabbit IgG and then washed for three times and examined under a fluorescent microscope (LeicaDMI3000B, German).
Overexpression and knockdown of glucose-regulated protein 78 in human brain microvascular endothelial cells
Three pairs of RNAi primers and overexpression vector were synthesised by Ribo Limited Co. Overexpression vector (pcnda3.1-GRP78) and the small interfering RNA (siRNA) of GRP78 were transfected, respectively, into HBMEC using Lipofectamine 2000 (Invitrogen, USA) according to the manufacture's recommendations. The interference efficiency and expression were tested by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and WB. (95): The percentage of matching amino acids from identified peptides having confidence ≥95%, divided by total number of amino acids in the sequence, Accession: Accession number of detected protein; Name: Name of the detected protein, Peptides (95%): The number of distinct peptides having at least 95% confidence. Multiple modified and cleaved states of the same underlying peptide sequence are considered distinct peptides. GST: Glutathione-S-transferase
TCID50 assay
HBMECs were treated with siRNA-3 oligonucleotides, a universal sequence that had no significant homology to any known human mRNA in the databases, empty vector and overexpression vector targeted GRP78 for 24 h. Then, the culture medium was discarded and cultured with fresh medium for another 24 h. After the GRP78 siRNA group (HBMEC infected with GRP78 siRNA), the scramble control group (HBMEC infected with negative control), the control group (uninfected HBMEC), empty vector and overexpression vector groups were infected EV71 particles (MOI = 5) at 37°C with 5% CO 2 for 1.5 h, and the virus supernatant was discarded. HBMECs were washed with hank's solution for once, and the time of infection was calculated at this time point. Finally, the culture medium and cells among the four groups at 1 h and 24 h were collected for determination of the virus titre of EV71 by a TCID50 assay. Briefly, the viral titres were determined on RD cell monolayers by means of the TCID50 standard method and calculated using the Reed-Muench protocol. [12] Reverse transcription-quantitative polymerase chain reaction and Western blot analysis anti-mouse antibody (diluted by TBST at 1:3000). Protein bands were visualised using Emitter-coupled logic (ECL) substrate and the Image Quant RT ECL System (GE Healthcare).
Statistical analysis
Data were analysed by one-way ANOVA tests. SPSS software (version 13.0) SPSS: Statistical Package for Social Sciences, IBM was used for statistical analysis and P < 0.05 was considered to be statistically significant.
results
Identification of viral protein 1-binding proteins
GST-tagged VP1 protein was used as a bait protein to capture the proteins extracted from HBMEC. LC-ESI-MS/MS analysis identified 91 common proteins in two biological replicates [ Table 1 ]. The gene ontology analysis of 91 proteins is shown in Figure 1a -c, which demonstrated their specific location after cellular component analysis, binding efficiency to various components by molecular function analysis and their specific cellular and biological functions by biological process analysis.
Identification of glucose-regulated protein 78 as an enterovirus 71-binding protein
The interaction between 78 kDa GRP78 and VP1 was further verified using GST-Pull down and WB analysis. After incubating the extracted protein with VP1, the VP1-binding proteins were analysed by WB using anti-GRP78 antibody, which could be observed as an obvious band in the second lane of immunoblot [ Figure 2a ]. GRP78 as a VP1-binding protein was further verified by Co-IP coupled with WB analysis. IgG was used as negative control. As shown in Figure 2b , after interacting with VP1-HA-tag protein which was used as a bait protein, western blotting performed with anti-GRP78 antibody showed positive expression results in the input lane and GRP78 lane. Similarly, when using the GRP78-Flag-tag protein as a bait protein, positive expression results were observed in the input lane and VP1 lane, whereas the IgG lane showed a negative result [ Figure 2c ]. In addition, immunofluorescence demonstrated the co-localisation of GRP78 and VP1 as shown in Figure 2d . On the basis of the above results, it could be suggested that GRP78 was a binding protein of EV71 VP1. Knockdown of glucose-regulated protein 78 in human brain microvascular endothelial cell HBMEC was treated with three 200 nmol/L siRNA oligonucleotides, targeted GRP78 for 24 h and cultured with fresh medium for another 24 h. To develop the optimal transfection system, the transfection efficiency of siRNA 
